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Abstract 



An aqueous electric double layer capacitor having an excellent wettability with aqueous electrolytic 
solution, low internal resistance, excellent easiness of forming uniform, thin and wider films and 
mechanical strength. Activated carbon powder 6, polymeric binder having a hydrophilic group and 
plasticizer 5 are fully mixed to make a film which is then dried to form an electrode 4. By using a 
polymer having a hydrophilic group as a binder, wettability between an aqueous electrolytic solution and 
electrode is improved and contact resistance between electrolysis solution and electrode can be 
reduced. In addition, by adding a plasticizer, the amount of a polymeric binder required to form a thin 
type electrode can be r educe d, thus enabling an aqueous solution electric double layer capacitor with 

"SI 

low internal resistance. L 
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(54) Electric double layer capacitor 

(57) An aqueous electric double layer capacitor 
having an excellent wettability with aqueous electrolytic 
solution, low internal resistance, excellent easiness of 
forming uniform, thin and wider films and mechanical 
strength. Activated caibon powder 6, polymeric binder 
having a hydrophilic group and plastidzer 5 are fully 
mixed to make a film which is then dried to form an elec- 
trode 4. By using a polymer having a hydrophilic group 
as a binder, wettability between an aqueous electrolytic 
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solution and electrode is improved and contact resist- 
ance between electrolysis solution and electrode can be 
reduced. In addition, by adding a ptasticizer. the amourrt 
of a polymeric binder required to form a thin type elec- 
trode can be reduced, thus enabling an aqueous solu- 
tion electric double layer capacitor with low internal 
resistance. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an electric double s 
layer capacitor and more particularly to an aqueous 
solution type electric double layer capacitor. 

RELATED ART 

A conventional electric double layer capacitor is so 
configured that two electrodes formed of activated car* 
bon are disposed, via an ion permeable membrane film, 
opposite to each other, on current collecting bodies 
including an electrically conductive rutiber or metallic 
foil wherein. e.g. diluted sulfuric acid including an elec- 
tric double layer forming ion such as a sulfuric add ion 
is used as an electrolytic solution. There are two types 
of the electric double layer capacitors; one type of the 
capacitor uses an electrolytic solution of aqueous solu- 
tion type such as an aqueous solution of sulfuric acid 
while the other type of the capacitor usee an electrolytic 
solution of the organic solution type wherein an electro- 
lyte is added to organic solvent such as propylene car- 
bonate, rbutyrolactone, acetonitrile, dimethytforma- 
mide. The selecttion of the electrolytic solution for an 
electric double layer capacitor is of great importance 
because the performance is dependent on an electro- 
lytic solution to be used. The characteristics of electric 
double layer capacitors using an aqueous type electro- 
lytic solution and organic solvent type electrolytic solu- 
tion, respectively, are hereinafter described. 

The advantage of the electric double layer capacitor 
using an aqueous electrolytic solution resides in that the 
intemal resistance of the electric double layer capacitor 
itself can be made tow because of low electric resist- 
ance of the electrolytic solution. It is, therefore, suitable 
to the application wherein high current load discharging 
is required. In addition, the absorption of moisture in air 
does not exert influence on the properties of the capac- 
itor, thus allowing simple armor On the other hand, 
there is a disadvantage of the electric double layer 
capacitor using an aqueous electrolytic solution that, 
because electrolysis of water occurs at 1 .23V, allowable 
voltage (limit) per single cell must be less than the volt- 
age that water electrolysis occurs. For this reason, the 
allowable voltage of an actual product is set to about 1 
volt. 

The advantage of the electric double layer capacitor 
using organic electrolytic solution is that, because of 
higher allowable voltage of tiie organic solvent, the 
allowable voltage per single cell is comparatively high at 
about 3V. On the other hand, there is a disadvantage 
that, due to high electric resistance of the electrolytic 
solution, the internal resistance of the electric double 
layer capacitor is comparatively high. The absorption of 
moisture in air causes low allowable voltage or genera- 
tion of gas caieed by water electrolysis, and ttierefore 



2 

high hermetic armor is required to avoid invasion of 
water during the use. 

Activated cartoon is usually used as a material for 
an electrode of an electric double layer capacitor in 
powder or fiber form. 

In case of an electrode using activated cartx>n pow- 
der, it has been used in paste form wherein activated 
carbon powder is mixed with an electrolyic solution such 
as an aqueous solution of sulfuric add. In the case of 
the elect rode using activated carbon powder, the 
amount of the electrolytic solution must be optimized 
and pressure must be applied to the electrode in order 
to maintain contact between activated carfc>on powder 
particles. 

Furthermore, the capacitor using an aqueous elec- 
trolytic solution, especially when it is used in the power 
application, uses activated carbon powder/cartx>n com- 
posite materials having macropores and micropores 
which can be ok>tained by mixing activated caitoon pow- 
der, polymethyl methacrylate and phenolic resin pow- 
der, having ttiem hardened by heat and cartDonizing at a 
high temperature. However, in this method, while the 
mixture is hardened by heat and cartx>nlzed. heat can- 
not be supplied uniformly, causing the electrode to be 
curved in the formation process of a thin electrode. As a 
result, in the case of the electrode using such conrposite 
materials of activated carbon powder and cart)on, it is 
difficult to produce an electrode having a thidiness of 
less than several hundreds microns and a wider area. 

Additionally, in case of an electrode using activated 
cart>on f bers, because it usually employs an activated 
carbon textile woven of active carbon fibers, its thick- 
ness is large, disabling the formation of an electrode 
with wide areas. It has been therefore proposed to pro- 
vide a thin film electrode by a mixture of activated car- 
bon powder and binders. 

DISCUSSION ON THE RELATED ART 

The conventional electric double layer capacitor 
produced using a polarizable electrode, conductive 
adhesive and binder is described and discussed t>elow. 

As an example of an electric double layer capacitor 
usirig an organic solvent such as propylene carkx)nate, 
r-butyrolactone, acetonitrile. dimethylformamide, meth- 
ods of forming films from activated cartx>n and aqueous 
binders and from activated CcUt>on. aqueous binders 
and a conductivity provider have been disclosed in JP 
Patent Kokai JP-A-4-65814. 

However, such conventional metiiods of forming 
thin film electaxxles have following problems. That is, a 
polymer to be used as a binder is, in general, electrically 
insulating and, if such a binder is added to an electrode, 
internal resistance of the elecbxxie becomes large, 
resulting in an increase in intemal resistance of an elec- 
tiic doutHe layer capacitor. It is clear that the reduction in 
the amount of the binder to be added to activated car- 
bon is desirable, however, a method to reduce the 
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amount of the binder has not yet so far cfisdosed. More- 
over, it is natural that the contact resistanc is depend- 
ent on properties of both an electrode and electrolytic 
solution. However, in the conventional art (as in Patent 
Kbkai described above), the problem of contact resist- 5 
ance has been described only in relation to the organic 
solvent double layer capacitor, not at all in relation to an 
aqueous solution double layer capacitor. 

Also, there have been examples of methods using a 
mixture of activated cart)on or cartx)n black and PTFE 
powder as a polarizable electrode, and a mixture of 
graphite or carbon black and a binder as a conductive 
adhesive (in JP Patent Kbkai JP-A-62-200715[1987]). 
or using fibrous cartx>n as a polarizable electrode and a 
mixture of graphite or cartx>n black etc. and a binder as 
a conductive layer (in JP Patent Kokai JP-A-59- 
3915[1984]). In these conventional methods, the binder 
has been used exclusively as a conductive adhesive 
which serves to adhere an electrode to a current collect- 
ing txxly. 

Thus, in the conventional methods relating to an 
electric doutsle layer capacitor, particularly to an aque- 
ous solution type electric double layer capacitor, there 
has been no proposal of a method of reducing contact 
resistance between an electrode and aqueous electro- 
lytic solution as well as internal resistance of a capacitor 
by improving wettability of the electrode with the aque- 
ous electrolytic solution in the case where activated car- 
bon and polymeric binders are used. Also, the reduction 
of polymeric binders to be added to form a thin type 
electrode has not so far been proposed. 

As an example of using a polymer having a 
hydrophilic group as a binder, there have been disclo- 
sures wherein a polymer with a hydrophilic group was 
used fbr the fbrmation of an Internal electrode sheet for 
a ceramic capacitor (JP Patent Kokai JP-A-8- 
1 1 1 346[1 996]. JP-A-5-97504[1 993], JP-A-4- 
186812[1992]. JP-A-3-1 84206(1991]). However, in 
these processes, the binder is decomposed by heat and 
does not exist in the final product because drying and 
burning are executed following the Formation of a green 
sheet Thus, in the conventional methods, polyvinyl 
butyral having a hydrophilic group has been temporarily 
used as a polymeric binder to maintain handling ability 
of the green sheet in the production of a ceramic capac- 
itor. 

SUMMARY OF THE DISCLOSURE 

The fbllowings are a summary of problems of the 
conventk)nal methods described above. 

(1) The first problem is that the conventional aque- 
ous solution type electric double layer capacitors 
cannot provide an electrode having good wettability 
with an electrolytic solution and having low contact 
resistarK^e between the electrolytic solution and the 
electrode. The reason fbr this is that a polymer to 



be used as a binder, which is required for the forma* 
tion of a thin type electrod . has a good wettability 
with an organic solvent but poor wettability with an 
aqueous solution. This causes a higher increase in 
contact resistance in an aqueous electrolytic sdu- 
tk>n compared with that in organic electrolytic sdu- 
tk>n. resulting in an increase in internal resistance 
of an electric dout)le layer capacitor. 
(2) The second problem is that the resistance of the 
electrode itself in a thin type electrode with a poly- 
meric binder added becomes high. Due to an 
increase in resistance of the electrode, internal 
resistance of the whole capacitor is increased as a 
result Such increased internal resistance of the 
whole capacitor causes degradation of rapid charg- 
ing property and high current discharging property 
accordingly. Therefore, the most possible reduction 
of the amount of polymeric binders to be used for 
the formation of a thin type electrode is necessary. 
The reason for that is that, because a polymeric 
txnder is insulating, the addition of such polymeric 
tenders causes the increase in resistance of the 
electrode itself and in internal resistance of the 
whole capacitor. 

Accordingly, the present invention has been made 
to overcome prot)lems in the conventional methods. It is 
an object of the present invention to provide a novel 
aqueous electric double layer capacitor having excellent 
wettability with an aqueous electrolytic solution and low 
internal resistance. It is another object of the present 
Invention to provide an aqueous electric double layer 
capacitor also having an uniform thickness of a film, 
wider area of a film, excellent easiness of fbrming films 
and hiechanical strength. 

Further objects of the present invention will become 
apparent in the entire disclosure. 

To achieve above objects, the electric dout^le layer 
capacitor of the present invention is generally character- 
ized by using an electrode comprising activated cartx)n 
powder, a polymeric binder having a hydrophilic group 
and a plastidzer. 

According to an aspect of the present invention, it is 
characterized by using a polymeric binder selected from 
polyvinyl pyrrolidone. polyvinyl butyral. polyvinyl acetate 
etc. as a polymeric kinder having a hydrophilic group; 

Also, another aspect of the present invention is 
characterized by using a plasticizer selected from butyl- 
phthalylbutylglycoiata 

Furthermore, a further aspect of the present inven- 
tion is characterized by using an aqueous solution type 
electrolytic solulion such as sulfuric add. 

BRIEF DESCRIPTION OF DRAWINGS 

FIQ. 1 is a sectional view of the electric double layer 
capacitor. 
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PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
be hereinafter described. In an preferred embodiment of 
the present Invention there is provided an electric dou- 
ble layer capacitor using an electrode comprising an 
activated cartx>n power, polymeric binder having an 
hydrophilic group and a plasticizer. Firstly, the activated 
cailDon powder, polymeric binder having an hydrophilic 
group (or groups) and a plasticizer are vigorously stirred 
in an appropriate solvent or liquid and mixed to prepare 
a slurry. Using the prepared slurry, a thin film electrode 
sheet with a thickness of about 10 to aboiA 500 |im is 
produced t>y a film forming equipment such as a screen 
printing machine, doctor blade, etc. The thin film elec- 
trode sheet obtained is dried at a tenperature which will 
not deconnpose the polymeric binder having a 
hydrophilic group and the plasticizer to form an elec- 
trode to be used as an aqueous solution type electric 
douk>le layer capacitor (4. Fig. 1). 

The aqueous solution type electric double layer 
capacitor (4. Fig. 1) comprising said activated cartx^n 
(S.Fig. 1), polymeric binder having a hydrophilic group 
and plasticizer can be prepared by adding a polymeric 
binder having a hydrophilic group to the activated car- 
bon powder, giving a strong bonding between the acti- 
vated carbon particles and production of an thin type 
electrode. 

In general, a polymer to be used as a birxJer has an 
excellent wettability with an organic solvent but poor 
wettability with an aqueous solution. Therefore, an 
aqueous electrolytic solution shows a higher contact 
resistance between an electrode and electrdyttc solu- 
tion than that of an organic solvent electrolytic solution, 
causing an increase in internal resistance of the electric 
double layer capacitor. 

However, in the embodiment of the present inven- 
tion, the wettability between the aqueous electrolytic 
solution and electrode can be improved by selecting the 
polymeric binder having a hydrophilic group and by dry- 
ing ttie electrode sheet at a temperature which will not 
decompose the polymeric binder, allowing the poly- 
meric binder to exist even after tiie electrode sheet has 
been dried. Thus the contact resistance between the 
electrode and aqueous electrolytic solution can be 
reduced. 

That is, by using a polymer having a hydrophilic 
group as a binder, a whole internal resistance off the 
aqueous electric dout>le layer capacitor can be reduced. 

Additionally, since a polymeric binder is insulating 
in general, the resistance of a thin type electrode per se 
is increased, if a polymeric binder only is added thereto. 
The increase in the electrode resistance causes an 
increase in an internal resistance of the whole capaci- 
tor, as a result degrading rapid charging and high cur- 
rent discharging properties of the capacitor. Therefore, 
the amount of addition of the polymeric binder for pro- 
duction of the thin type electrode should be as small as 



possible. 

In a preferred embodiment of the present inventi n, 
the amount of the polymeric binder to be added can be 
reduced by adding a plasticizer. to reduce the internal 

5 resistance of tiie electrode itself accordingly. 

Thus, the present invention provides an aqueous 
electric double layer capacitor having a low internal 
resistance, an uniform thickness of a film, a wider area 
of a film, and excellent easiness of forming films and 

10 mechanical strengtti. 

Moreover, according to the present invention, the 
contact resistance between the aqueous electrolytic 
solution and thin type electrode can be reduced by the 
polymeric binder having a hydrophilic group. The binder 

IS of the present invention is completely different from 
tiiose as disclosed in JP Patent Kbkai JP-A-62- 
200715(1987) and/or JP-A-59-3915(1984) accordingly. 

In the case of conventional polymeric tenders hav- 
ing hydrophilic groups disclosed in JP-A-8- 

20 111346(1996), JP-A-5-97504 (1993), JP-A-4-186812 
(1992) and JP-A-3-184206 (1991), polyvinyl butyral witti 
hydrophilic groups has been temporarily used as a pol- 
ymeric binder to maintain handling ak>ilrty of a green 
sheet in the course of the production of a ceramk; 

25 capacitor, not used for the electrode in the electric dou- 
ble layer capacitor as disclosed in the present invention, 
and which are quite different from that of the electric 
dout^e layer capacitor of the present invention which 
comprises an electrode and aqueous electrolytic sdu- 

30 tion comprising activated cart>on. polymeric birxjer and 
plasticizer as constitution elements of the invention. 

In accordance with the present Invention, as the 
electrode sheet is dried at a temperature which will not 
decompose the polymeric binder, the polymeric binder 

35 can serve to unite the activated cartxin each otiier even 
after tiie sheet has been dried, thus being effective in 
not only forming a thin type electrode txrt also imple- 
menting the electric double layer capacitor in the tiiin 
form arxi with low resistance achieved by reduction in 

40 the internal resistance of the electrode. 

EXAMPLES 

The examples of tiie present invention will be here- 
45 inafter described in detail with reference to the accom- 
panying drawings. 

In an example of ttie present invention, activated 
carbon, a polymeric binder having a hydrophilic group 
and a plasticizer are stirred vigorously in a solvent and 
so mixed to obtain a slunry witii a viscosity of several hun- 
dreds to thousands cP. The amount of the polymeric 
binder to be added preferably amounts 3 to 30% by 
weight of the activated caribon and the amount of the 
plasticizer to be added preferat}iy amounts to 0.1 to 
65 10% tjy weight of the polymeric binder. The solvent 
used to prepare the sluny is not restricted to any partic- 
ular one and alcohol solvents such as 1-methoxy-2-pro- 
panol, 2-(2-butoxyethoxy) ethand. etc.. as far as the 
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polymeric binder is soluble therein, nnay be used. 

The 10 to 50 pan, thin film electrode made from the 
slurry obtained by using a screen printing device, doctor 
blade, etc., is dried at a temperature which will not 
decompose polymeric binders and plasticizer to form an 
electrode sheet. 

By forming the electrode sheet, current collecting 
body (1 , Fig. 1), separator (2. Fig. 1) to a specified size 
and by injecting an aqueous electrolytic solution, an 
electric double layer capacitor is obtained as shown in 
Fig. 1 . Rg. 1 shows a sectional view of the electric dou- 
ble layer capacitor and a fragmentarily enlarged view of 
an electrode 4. 

Vsuious examples of the present invention are 
described below. 

Example 1 

Activated cartx>n, polyvinyl butyral constituting 7% 
by weight of the activated carbon as a polymeric binder 
having a hydrophilic group, butylphthalyl butyl gtycolate 
as a plasticizer constituting 0.5% by weight of polyvinyl 
butyral were vigorously stirred in a solvent and mixed to 
prepare a slurry. 

In the example, a mixture of 1-methQxy-2-propanol 
and 2-(2-butoxy ethoxy) ethanol was used as a solvent. 
The solvent is not confined to any one. The viscosity of 
the slurry prepared was 3000 cR 

The slurry was processed by doctor blade equip- 
ment to produce a film and the produced film was dried 
at a temperature of BO^'C for 20 minutes to obtain an 
electrode sheet. 

Using said electrode, an electric double layer 
capacitor as shown in Rg. 1 was produced (electrolytic 
solution containing 40% by weight of sulfuric acid), and 
when Hs internal resistance per unit capacity (ESR, 
equivalent series resistance at 1 kHz) was measured* it 
was 84.8 [mfVF]. This electrode sheet oould be handled 
a lone (without support device). 

Example 2 

Activated cart>on, polyvinyl bintyral constituting 5% 
by weight of the activated cartx>n as a polymeric binder 
having a hydrophilic group, butylphthalyl butylglycolate 
as a plasticizer constituting 0.5% by weight of polyvinyl 
butyral were vigorously stirred in a solvent and mixed to 
prepare a slurry. 

In the example, a mixture of 1 -methoKy-2-propanoi 
and 2-(2-butoxy ethoxy) ethanol was used as a solvent, 
however, the solvent is not confined to any ona The vis- 
cosity of the slurry prepared was 2800 cR 

The slurry was processed by a doctor blade equip- 
ment to produce a film and the produced film was dried 
at a temperature of 80*^0 for 20 minutes to obtain an 
electrode sheet. 

Using said electrode, an electric double layer 
capacitor as shown in Rg. 1 was produced (electrolytic 



solution containing 40% by weight of sulfuric acid), and 
when its internal resistance per unit capacity (ESR» 
equivalent series resistance at 1 kHz) was measured, it 
was 61.7 [mO/F]. As in the example 1, this electrode 
5 sheet could be handled alone. 

Comparative Example 1 

Activated cartx>n, polytetrafluoroethylene constiut- 

10 ing 7% k)y weight of the activated carbon as a polymeric 
binder having no hydrophilic groip, butylphthalyl butylg- 
lycolate as a plasticizer constituting 0.5% by weight of 
polyvinyl butyral were vigorously stirred in a solvent and 
mixed to prepare a slurry (N-methyf-2-pyrrolidone was 

IS used as a solvent). 

The slurry was processed by a doctor blade equip- 
ment to produce a film and the produced film was dried 
at a tenrperature of lOO^C for 20 minutes to ot)tain an 
electrode sheet. 

20 Using this electrode, an electric double layer capac- 
itor as shown in Rg. 1 was produced (electrolytic solu- 
tion containing 40% by weight of sulfuric add), arxl 
when its internal resistance per unit capacity (ESR. 
equivalent series resistance at 1 khiz) was measured, it 

2S was 102.5 [mOF], 

Comparative Example 2 

Activated carfcnn, polyvinyl butyral constituting 5% 

30 by weight of the activated cart>on as a polymeric binder 
having a hydrophilic group were vigorously stirred in a 
solvent and mixed to prepare a slurry (as in the example 
1. a mixture of 1-methyl-2-propanol and 2-(2-butQX- 
yethoxy) ethanol was used as a sotvent). 

35 The slurry was processed by a doctor blade equip- 
ment to produce a film and the produced film was dried 
at a temperature of 8(yC for 20 minutes to obtain an 
electrode sheet. 

TTie electrode sheet was imposslk)le to be handled 

40 alone and therefore the measurement of the internal 
resistance was not executed. 

The comparison between Example 1 and Compar- 
ative Example demonstrates that the internal resistance 
of the aqueous solution electi'ic double layer capacitor 

45 varies depending on the affinity of the binder used as an 
electrode to water, i.e., on whetfier the binder is 
riydrophOic or hydrophobic. Thus, the polymeric binder 
having a hydrophilic group is suitable as a binder of the 
aqueous solution electric double layer capacitor. 

so The comparison between Example 2 and Compar- 
ative Example 2 shows that an elecb'ode sheet having 
an excellent mechanical strength can be obtained by 
adding a plasticizer even if less anrraunt of the binder is 
used. 

ss In the following the meritorious effects of the 
present invention is briefly summarized, but without lim- 
itative nature. 

Namely, the present invention provides an aqueous 
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electric double layer capacrtor having lew internal resist- 
ance, uniform thickness of a film, wider area of a film, 
excellent easiness of forming films and mechanical 
strength. Such aqueous electric double layer capacitor 
of the present invention can be realized by using a poly- 5 
mer having a hydrophilic group compatible to an aque- 
ous electrolytic solution as a binder and by reducing the 
amount of the polymeric binder by adding a plastlcizer. 

Claims 10 

1. An electric double layer capacitor comprising acti- 
vated cait)on powder, a polymeric binder having a 
hydrophilic group and plastidzer. 

15 

2. The electric double layer capacitor as defined in 
claim 1 . wherein said polymeric binder is selected 
from the group consisting of polyvinyl pyrrolidone. 
polyvinyl butyral and polyvinyl acetate, as said pol- 
ymeric binder having a hydrophilic group. 20 

3. The electric double layer capacitor as defined in 
claim 2, wherein said plastlcizer is selected from 
txxtylphthalyl butylglyoolate. 

25 

4. The electric double layer capacitor as defined in 
claim 3. characterized by using an aqueous electro- 
lytic solution. 

5. The electric dout)le layer capacitor comprising an 30 
electrode formed of a sheet, wherein the sheet is 
prepared by adding a polymeric binder having a 
hydrophilic group and a plastidzer to activated car- 
bon powder and the resulting mixture is dried at a 
temperature which will not decompose said poly- as 
meric binder and said plastidzer to form said elec- 
trode sheet containing the polymeric binder having 
hydrophilic group. 

6. The electric double layer capacitor comprising the 40 
electrode defined in daim 5 as a polarizable elec- 
trode in an aqueous solution-electric dout)le layer 
capacitor comprising current collecting bodies and 
polaraable electrodes which are disposed oppos- 
ing to each other via a separator interposed there- 4s 
between. 
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:^ r t Sr#« t -r-S 1 IE® (^S^-SS >x 
[0 00 1] 

[000 2] 30 

V^^<r>^%\ fiii:=3>'•7^^-i^ (electric doub 

le layer capacitor) =^^^fe 6 V^^it&S?S 

OJ:5^c^^m«s:±l-ffittjK?&^e>?:c5 2^com8i^. -f:^ 

>']SiaK^^b-cM«f-fru*:). :^>'^^^o®^- 
[0 0 0 31 4-f*^?s^<^m^-mJi=' VT^^^ifoiRF 



ittSB^pi 0-275747 

[0 0 0 4] ^mm,mmn(owi^xh^^^. ^<o 

[0 0 0 5] m^-mm^:yv':^'^(7ymmunt ur 

[0 0 0 6] ^\±^nM^m\^^timmtvx\^. 
mmibmm^i^x^fc, z.(Dmmxi'Xs ^i^^B-mm± 

[0 0 0 7] ^tc. T^m^^x^s mzy<u-m^^^^ 
xn^ mmit^is^xfi^ux(Dmitmz, mmizmi>^^ 

[0 0 0 8] ^fc. ffitij^gS^^ffiV^fc«m. il^. 

[0 0 0 9] ^^x\ ^^^n^ty<^ >^y-^m^i. 

[0 0 10] 

[0011] ^-f^ fuv:*-.-]^^^- 7 
6 5 8 1 4-^4:^«^;lM^^i^rv^-5o 



3 

[0 0 12] LTi^L/^/i^^. z(D^ijtM(Dmmmm(Ojf^f$. 

[0 0 13] mz, ^m\^m.mt lt. m^i^^fz\^^ 

^m\^^fzm {^m^Q 2-20071 5-^^$r) 5> 
m^kMMb \^xWLm^iJ-^->'U^. mnmt\^xm^ 

fzm (#^Bg5 9- 3 9 1 S-^^J^n) :^^^m^fh^^o ^ 

mmt i.xmmtMmi^^mm^^^fti^^^i^m^tix 

[0 0 14] z.(DXo\^. ±m^^M(Otkmxit.. S^z: 

ss=3V7^>i^. mzyk^m^(om,^^Mm='>'r>^^ 

mm t Tkm^^.mmm t (Oi^ti^^^x <-r^:zt{z^ 

v^o ^tz. mm(Dm,m^i'^)&-r^rzib\zm^^m'^'f-^< 
4 '^y-(^mmm^m<^^'^^::-th. z,tht.xWi^^ 

[0015] ^ LT . m7KS^fiFO]S55'^^x-?>f >^>5^- 

5p8 - 1 1 1 3 4 6-^{^m. ^m^5-9 7 5 0 4-^4ir 
i[$^5p4- 1 8 6 8 1 2-^<5:>#. #IB¥ 3 - 18 4 
2 0 6^^$R) o b7!)>L. — >'v/— h^rjt^ifeb:^^^ 

[0 0 16] rose5fetDS^^B^^-*3v^T^i. ir^^ ^^^^ri 
ofzibiiZ^ -m&3\zmi^^^<^ >'^-t\.xm.yi<^m^h 
[0 0 17] ±IELfc«e*(^S^e<^^1S/SSr^<bi?>St 

[0018] ( 1 ) m 1 (omm^i^. 7K@*K^om^— 



(3) i|^M¥l 0-2 7 5 74 7 
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[0 0 19] •e(^ssti> ^Mmi^^^^^-r^fcie)!;: 

[0 0 2 0] (2) m2(op^m.^jt. 
^z.tx^^o mm<Dm.tn.m±\^x^. =^>''f>'^±f^ 

mmit^^o mznmmm^i^f^i-^fzmz^mir^ 

[0 0 2 1] ^com^^^. -mzmi^^^<^>^-^^B 

20 ^\.XV.^0f^^X^^o 

[0 0 2 2] \^fzt^r:>X^ ±lEi^*SJS0Pp1 

mf^.'^m\^'t^<fsL^f\^i^^<r>x^^x^ ^(o^^n.^ 

[0 0 2 3] 

\mm^m^'^^fz}b(D^^\ ^^^^m^mwu-t^tz 

[0 0 2 4] ;*:^P>^^c:^oV^T^:±. t&ISll*S^l^oi«5> 
^y^Cxf ^-^^ ^ LTTi^y tf^/wfn y K>-, 7jf y l^::^/^ 

[0 0 2 5] ^fc. *^§^l3:iBV>r(i. MIB^M^^b 
X'Zf^)V'7^'^} )V':f^;v{f'^) zi h^ib^ibmiitifz-^ 

mm^m\f^fz:it^w^t'r^o 

[0 0 2 6] ^h\z^ *^P^{c:*5i/^T(i. ^mj:t*(D7i<i 
[0 0 2 7] 

T;^^y-^PSi-r^o pfiLfc;^^ y-^. ;^^y- 
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4) ^i--5o 

[0 0 2 8] Jia?Offittj^|&* (|g]l(D5) . *l7kS^ 

i#oig:9^^/W>':5^-, *5J:U^pIM^J (Ulioe) 

f;i:^yi<.m^^m%r.mm=^>'f>'^mmm- (0104) 
[0 0 2 9] -m^. y<-( i^^-tvxm\^^it>th^m^ 

[0 0 3 0] L^^L. *^pJco||^so?^^^^c::jov^T^^. 

SFP S fet ^ /h $ < i- S c i: d s # 5 o 
[0 0 3 1 ] -ig:{c:i^^^/^-r V:^-Jij^^ti-e 

[0 0 3 2] -^coiff ^ Lv^||^£coJ^^ffir'^i. 

[0 0 3 3] «± J: >5 . p^SPjSet^^/h^ < . ^J?;55j$|^ 

[0 0 3 4] :L(Dj^o\zi. *^?^l::4bMt5^*S^i^o 

ctoT. ±IE4#BlflS6 2-2 0 0 7 1 5 -^>2^#-^Ji|S4# 
MBg 5 9 - 3 9 1 5 ^^Am^W.n<D±^UMm<Dy<^ V 

[0 0 3 51 ifclKTKSSrJtoS^a^T-Sr^^-rvy-^ L 
TfflV>^tS««?iJi:L'riftP>^Lyb±IE#5l¥8-l 1 1 3 
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4 6^<2>$g. I^M^S - 9 7 5 0 4^<2^^. 4$^3|l4- 
1 8 6 8 1 2-^<2i«. #M¥3 - 1 8 4 2 0 6 -^<2^^ 

[0 0 3 6] *^^>g{C4b^V^T^i. M^'T'^^^ l^y—tm 
[0 0 3 7] 

immm] ±^\^ft^^m(omm(ommK^\r^x^\z.m 

20 m\:iWim't-<<. :f^^m(ommm^m^^^m\^x^^T 

X. 3teS»S*-«C^c pO::^^y-^#S. 
>^^-co^JpSfi:. 3 - 3 0 w t %J1^T. ■^M^J<7)^;^jn 
fifi. i^5^^>'<>i'^^-t3:*fbTO. 1 — I0wt%;d5 

1 2-:/n/NV— 2- {2-:/ 

30 ^tfe>nSo 

[0 0 3 8] #^tb/c;^^ y-^. y-:/^^iJ. K 
^ — K^l-J: «9lO'-500^i5^a XD^flgtc: 

[0 0 3 9] COm^lv^— (EllcT^l) . ir 
/^-i/^^ (Hi CO 2) S:m^<7):^c#$t;iL. 7K®S$^<7) 
S#F*SSraAi-6C^t;iJ:«9> Ell (d^-TJ: 9 ^cCmm- 
ly'f^^'^<n>mmhnMA(DU'^^■X^t^^^i^.x\^^, 
40 [0 04 0] *^igo#a^ffi^JS:JWT{CSi0^i-^o 

[0 04 1] iMmi 1 ] mmm^. m^m^n-^n 

Stc^Lr7wt%. plM^Ji: Lt:/^>'^:7^^ y 

0. 5wt%as*pLT. ^jtti'-e^^^ai^s^-rsri: 

?SV>o raSbyh;:^^ y-<^tt««3 0 0 0 c pT'feo 



T 

[0 0 4 2 ] y--^ K^^-^L Ki^gglC-CSSiJK 

8 0t:T*2 O^FBm^UTSI^v^- hSr#7to 
[0 0 4 3] ^(^mffi*fflv^"C. ianc::^-ri: 

:imm=^>'f>"^^Yff&i^ (®«??s*i4 0 w t %^L^T* 

R ; equivalent series resistance) ^S!)^L;/h^Cl 
8 4. 8 [mQ/F] X^hofZo roffiffiv- 

[0 0 4 4] mmm 2 ] s^jk©*. m^m^mom 

/u>/y =1 h^/Ky e^^yi-y^^— /i-mfttc^LT 
0. 5wt%^,^pbT. ^m:^x%^mwm.^ir:b:it 

2 -:/n/^y — /u^ 2 - (2 h^v-^^i h^^v^) 

y--<?^*fiS(i2 8 0 0 c p-cfeo 

[0 0 4 5] ;^7y-*rKi5^i?-:/i^-K3Se(c:TSiM 

8 o^T'2 o55^r«i^^brai^v'- h^#/Co 

[0 0 4 6] :L(omM^m^i^x. El {d^-Tct 
-fiS='>'T'^i^^f^^U (Sfl??K«4 Ow t %i£K-c 
^5) . miim-m^ti^ <O^U^^ (1 kHzX-COES 
R) ^mmx^tzt^^. 6 1.7 [mQ/F] "Cfeo 

[0 0 4 7] ^7t. ^ife«»Ji irP^tt-. ;ico«1gi/-h 
[0 0 4 8] [itgj^ij 1 ] ffiti^a*. MTKS^fiF/c^i^ 

^ffittj^fiS(3:^LT7w t %j^ioL. ^M^J^ury 

^j]yy^ y /uy^^^/i-^y ^ h^/i^y t'::^/^:/^^ — 
/wfifi:(;i>ctLTO. 5wt%i^JDb-r. igi«4'T*^5>tS 

[0 0 4 9] ;^^y-$: K:^>5^->^u-K^gl;iTS3]K 

1 0 o^r'2 o^J-rBiKJ^brmii'^- h4r#fco 

' [0 0 5 0] r<7)®ffi^fflv^T. 0 1 Ic^-Ti: 5 Jfem^ 

-fiS^i^^T^v-y-Srf^^L (ffi^?S(*4 ow t yoMK-e 

. *{4^»fcfcJ9 0rtlFPigfet (IkHzT'COES 
R) ^ffliJ^L/c<br;!>. 10 2. 5 [mQ/F] T'foo 
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S 

[0 0 5 1 ] [it«?«^y 2 ] ^iTKS^i^oii^ 
^:i<bt::J;^;^^y-^PKL;^ci (^JSW^f^lS. i- 

;^ ^/U- 2 P^^y — 2 - (2 h^V^ 

[0 0 5 2] :^yV-i:Yi7^-^\^—VmW\^xmm: 

Wi. 8 Ot:T'2 0 5>rpmjSLTm^ii>'- h^#7to 
[0 0 5 3] m^^y— h(D^<Dy^>'h^V >'^{±^'^Xh 

[0 0 5 4] mmm 1 :}s^xj^itmm 1 toittsEct . * 
[0 0 5 5] i^it,mmm2i6X-a\mm2t<D]AM^ 

[0 0 5 6] 

[0 0 5 7] ^(Dm^\t,. *«l^lC*3V>T(i. 7K^?K^ 
Igftm ^ <^ C ^ J: V ^ia7K £ ^ o IS ^ >^ W 

[El®(7)^V/^ia0.^] 

[Ell] «^-S/i=^>'7='>^i^^oir®Elr'fe^o 
[??-i-(^lftP>q] 
1 

2 ir^^u— ^ 

3 ;<;;^>5r2/}> 

4 mm 

6 fStt^S* 

7 7K^ii£^mfi??K 
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